Abstract. The molecular mechanism playing a role in the development of benign prostate hypertrophy (BPH) and prostate cancer (PC) is not well defined. We performed microarray analysis to assess the gene expression change in BPH and PC, and performed network analysis. Normal prostate, BPH and PC tissues were obtained from patients who underwent an operation at Chiba University Hospital. Using Affymetrix Human Genome U133 Plus2.0 Array, we identified genes differentially expressed. The identified genes were analyzed using the Ingenuity Pathway Analysis (IPA) to investigate the functional network and gene ontology. The microarray analysis identified 402 genes in BPH and 141 genes in PC, which were up-or down-regulated at least 5.0-fold change in PC at all dose points. Analysis using IPA software revealed eight networks in BPH and five networks in PC. We narrowed these down to the top five genes, which were up-or down-regulated on the networks in their characteristic manner. From this new perspective, comparing BPH and PC in microarray studies, our data showing gene expression profiles provide candidate genes for better understanding of disease and new therapeutic targets.
Introduction
Benign prostatic hypertrophy (BPH) is the most common benign neoplasm among aging men. BPH is a disease characterized by prostatic enlargement, and the prevalence of histologically identifiable BPH is >50% for 60-year-old men and ~90% by age 85 years (1) . The development of BPH is multifactorial, but two of the primary conditions required are the effect of androgens and aging (2, 3) .
Prostate cancer (PC) is the most common cancer among men in Western countries (4) , and the second leading death in men (5) . The clinical course of this cancer shows a great variability due to its biological heterogeneity (6) .
Serum PSA concentration is useful for PC screening, but it cannot differentiate accurately between early-stage PC and non-cancer such as BPH, prostatitis, and so on (7) . With the current suggested PSA threshold of 4 ng/ml ~15.2% of PCs are missed (8) , while conversely only 20-25% have positive histological findings of PC (9, 10) . Therefore, numerous studies of novel biomarkers for PC are carried out, but there is no conclusive biomarker yet. Many of the molecularbiological studies are focusing on features relating to bone metastasis and androgen dependence.
In this study, we performed microarray analysis using RNAs isolated from BPH and PC tissues to assess the gene expression change in BPH and PC. Further, the genes identified were analyzed for network and gene ontology by Ingenuity Pathway Analysis (IPA) software (Ingenuity Systems, Mountain View, CA) to identify networks of interacting genes, other functional groups, and corresponding canonical pathways. In addition, comparing between the genes of BPH and PC identified, we narrowed down the candidate genes that are characteristic for BPH and PC.
Materials and methods
Normal prostate, prostate cancer and BPH tissues. Tissue samples were obtained from patients who underwent their operation at Chiba University Hospital. Normal prostate tissue sample (n=1) was obtained from total cystectomy for bladder cancer, and BPH tissues (n=2) were from transurethral prostatectomy and suprapubic prostatectomy for BPH, and PC tissues (n=3) were obtained from radical prostatectomy for PC. Pathological evaluation of these tissues was confirmed. Freshly acquired tissues were stored immediately at -80˚C until use.
Isolation of RNA. Total RNA was extracted with TRIzol reagent (Invitrogen Life Technologies, Carlsbad, CA) from BPH and PC tissues according to the manufacturer's instructions. The quality of total RNA was determined by Bioanalyzer (Agilent Technologies, Palo Alto, CA).
Hybridization of RNAs to oligonucleotide arrays and data analysis.
We used Human Genome U133 Plus2.0 Array (Affymetrix). This gene chip, containing 54,675 probe sets, analyzes the expression level of over 47,000 transcripts and variants, including 38,500 well-characterized human genes. For hybridization, 1 μg of total RNA per sample was prepared according to the manufacturer's protocols (Affymetrix). Fragmented cRNA (15 μg) was hybridized to the Human Genome U133 Plus2.0 Array. The arrays were stained with phycoerythrin-streptavidin and the signal intensity was amplified by treatment with a biotin-conjugated anti-streptavidin antibody, followed by a second staining using phycoerythrin-streptavidin. The arrays stained a second time were scanned using the Affymetrix GeneChip Scanner 3000.
GeneChip analysis was performed based on the Affymetrix GeneChip Manual (Affymetrix Inc.) with GeneChip-operating software (Affymetrix Inc.). All genes on the GeneChip were globally summarized and normalized. The GeneChip-operating software used Wilcoxon's test to generate detected (present or absent) calls and used the calls to statistically determine if a transcript was expressed or not. After being filtered through a 'present' call (P<0.05), the expression data were analyzed using GeneSpring 7.3.1 (Silicon Genetics, Redwood City, CA). Fold changes were calculated by comparing transcripts between normal prostate and BPH or PC tissues. We identified 402 genes in BPH and 141 genes in PC tissues differentially expressed by ≥5.0-fold.
Genetic network analysis and canonical pathway analysis.
The genes, which were identified by microarray analyses, were used for network and gene ontology analysis. Gene accession numbers were imported into the IPA software. Using this software, the genes were categorized based on biochemical, biologic, and molecular functions. The identified genes were also mapped to genetic networks available in the Ingenuity database and then ranked by score, which is the probability that a collection of genes equal to or greater than the number in a network could be achieved by chance alone. A score of ≥3 had a 99.9% confidence level of not being generated by random chance alone. This score was used as the cut-off for identifying gene networks. Moreover, relationships between the network generated in IPA and the known pathways that were associated with metabolism and signaling were investigated by canonical pathway analysis.
Results
cDNA microarray analysis. The gene expression profiles of BPH and PC tissues were analyzed using the high-throughput gene chip. We sought to identify genes consistently expressed in BPH and PC tissues. A total of 120 genes were overexpressed ≥5.0-fold in BPH, while 282 genes were downregulated ≥5.0-fold change in BPH at all dose points (Fig. 1) . A total of 94 genes were overexpressed ≥5.0-fold in PC, while 47 genes were down-regulated ≥5.0-fold in PC at all dose points (Fig. 1) .
Genetic network and canonical pathway analyses. We then investigated whether the 402 genes of BPH or the 141 genes of PC interacted biologically. Genetic network analysis of these genes was performed using the IPA tool. Among these genes, we discovered 115 genes of BPH and 69 genes of PC that mapped to networks which had at least one gene in common and were merged for display (Figs. 2 and 3) . The 115 genes of BPH were mapped to eight genetic networks, and the 69 genes of PC were mapped to five genetic networks. Tables III  and IV . In this study, it revealed that hepatic fibrosis/hepatic stellate cell activation was most important in BPH, and folate biosynthesis was most important in PC.
Characteristic genes differentially expressed in BPH and PC. We selected the top five genes which were up-regulated or down-regulated in BPH or PC only (Fig. 1) . The list of top five genes are shown in Table V . These genes are considered candidate genes to characterize BPH or PC.
Discussion
Many molecular methods have been used in the search to determine the mechanism of development of PC, and to find new diagnostic and prognostic markers (11, 12) . Our study demonstrated candidate genes both up-and down-regulated. To assess gene expression profiles of BPH and PC we compared them with each other, we narrowed down the candidate genes which characterize the disease. We next summarized up-and down-regulated genes in BPH and PC.
The top five genes up-regulated in BPH. TMSL8 is a newly discovered 5300-Da protein that binds actin monomers and IPA software was used to analyze the identified genes (n=115). Eight networks were identified by overlapping genes (purple, network1; red, network2; green, network3; aqua, network4; gray, network5; orange, network6; brown, network7; blue, network8). The intensity of node color indicates the degree of overexpression (red), and the degree of down-regulation (green). Genes in uncolored notes were not identified as differentially expressed in our experiment and were integrated into the computationally generated networks on the basis of the evidence stored in the IPA knowledge memory indicating a relevance to this network. The node shapes denote cytokines ( ), enzymes ( ), G-protein coupled receptors ( ), growth factors ( ), ion channels ( ), kinases ( ), nuclear receptors ( ), peptidases ( ), phosphates ( ), transcription factors ( ), translation factors ( ), transmembrane receptors ( ), transporters ( ), and others ( ).
inhibits actin polymerization and might thus increase cellular motility. Thymosin ß15 levels increase in human prostate cancer, correlating positively with Gleason tumor grade (13) . But in relation to BPH, we could find no report.
CYP3A5 catalyzes 6ß-hydroxylation of testosterone, producing a metabolite, 6ß-hydroxytesterone, which is less biologically and more readily eliminated, thus inhibiting the metabolism of testosterone to more biologically active forms of androgens. CYP3A5 is highly expressed in normal prostate cells but absent in prostate cancer (14) . It is considered that endogenous function of CYP3A5 is related to the metabolism of intra-prostatic androgens and cell growth, and that polymorphisms affecting CYP3A5 activity may result in altered PC risk and aggressiveness. But no relationships to BPH remain unknown.
SMAD2 protein is a signal transducer and transcriptional modulator that mediates multiple signaling pathways. This protein mediates the signal of the TGF-ß, and thus regulates multiple cellular processes, such as cell proliferation, apoptosis, and differentiation. In BPH tissues, TGF-ß expression and secretion is increased (15) . TGF-ß1 is produced by basal cells that also express both corresponding receptors (16). While low concentrations support proliferation, high TGF-ß1 concentrations have been shown to inhibit prostate stromal cell growth (17) . Prostatic fibroblasts undergo transdifferentiation into myofibroblasts/smooth muscle cells (SMCs) upon stimulation with TGF-ß1 (18, 19) . Thus, TGF-ß1 is believed to generate a 'reactive stroma' composed of myofibroblasts and fibroblasts that strongly express extracellular matrix components (20) . TGF-ß1 treatment of in vitro cultures of human prostatic stromal cells induces overexpression of SMC-·-actin calponin and tenascin, known markers for myofibroblasts/SMCs in prostate stroma. Recently, a detailed profiling of TGF-ß1 target genes was performed on human IPA software was used to analyze the identified genes (n=69). Five networks were identified by overlapping genes (purple, network1; red, network2; green, network3; aqua, network4; gray, network5). The intensity of node color indicates the degree of overexpression (red), and the degree of down-regulation (green). Genes in uncolored notes were not identified as differentially expressed in our experiment and were integrated into the computationally generated networks on the basis of the evidence stored in the IPA knowledge memory indicating a relevance to this network. The node shapes denote cytokines ( ), enzymes ( ), G-protein coupled receptors ( ), growth factors ( ), ion channels ( ), kinases ( ), nuclear receptors ( ), peptidases ( ), phosphates ( ), transcription factors ( ), translation factors ( ), transmembrane receptors ( ), transporters ( ), and others ( ). Table I . Genetic networks in BPH tissues. NCAPD3, NKX3-1, NOTCH1, PIAS4, PLP1, RASD1, RPS2,  SERPINA3, SLC12A6, TMSL8, TNF, TP53, XRCC5   8 5-hydroxytryptamine, A2M, ACCN2, ACCN3, ACHE, ANGPT1, AXUD1, BCHE, Cellular growth and 9 CALCA, chloride, Cholinesterase, COLQ, CRH, CTSB, EGR1, ELAVL1, GHRL, proliferation, tissue HIF1A, IL1B, KCNK3, lactic acid, MMP13, MYOG, N-type calcium channel, development, tissue NPY, PLA2G4A, PRIMA1, RAB27B, S100A10, SERPINE1, TGM1, THBS1, morphology
Underlining indicates genes identified by microarray analysis; other genes were or were not in the expression array or did not change significantly.
a A score >3 is considered significant.
prostate fibroblasts to identify important genes/factors involved in the transdifferentiation process into myofibroblasts/ SMCs. These investigations indicated elevation of a variety of factors influencing extracellular matrix production and secretion, similar to the in vivo situation in the stroma of BPH patients (21) . Our canonical pathway analysis revealed that this gene possibly is one of the key genes in BPH. SLC2A5, also known as GLUT5, is a high-affinity fructose transporter. SLC2A5 expression levels and fructose uptake rates are significantly affected by diabetes, hypertension, obesity, and inflammation and seem to be induced during carcinogenesis, particularly in the mammary glands (22) . However, no genetic relatedness to prostate is reported.
MAML3 is one of the evolutionarily conserved elements of Notch signaling (23) . It also has no relationship to BPH, even to prostate.
The top five genes down-regulated in BPH. EGR1 is a transcription factor, and associated with the inducible transcription of the heparanase gene. Heparanase degrades heparin sulfate and has been implicated to tumor invasion and metastasis. There is a report that indicates increasing heparanase expression in PC tissues is due to promoter hypomethylation and up-regulation of transcription factor EGR1 (24) . In this study, mRNA transcripts of EGR1 were inversely lower in BPH samples than in PC samples. Our microarray analysis shows a comparable result.
JUNB, one of the Jun proteins, is a core member of the activator protein-1 (AP-1), a dimeric transcription factor complex consisting of homo-and heterodimers of the Jun, Fos, activating transcription factor (ATF) and musculoaponeurotic fibrosarcoma (Maf) families (25) . Growth factors, hormones and a variety of environmental stress activates mitogen activated protein kinase (MAPK) cascades that enhance Jun/AP-1 activity, e.g., through phosphorylation thereby regulating cell proliferation, differentiation, transformation and/or apoptosis. In controlling prostate carcinogenesis, JUNB plays an important role and may be a new target for cancer prevention and therapy (26) . The role of JUNB in BPH development and progression is unknown. 
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a A score > 3 is considered significant.
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ATP1B3, one of the Na + -K + -ATPase enzymes, is vital in skeletal muscle function (27) . Na + /K + -ATPase is an integral membrane protein responsible for establishing and maintaining the electrochemical gradients of Na and K ions across the plasma membrane. No relationship to prostate is reported.
ATF3 is a member of the mammalian activation transcription factor/cAMP responsive element-binding (CREB) protein family of transcription factors (28) . ATF3 is rapidly up-regulated under various stress conditions including hepatotoxicity, UV/ionizing radiation, exposure to DNA damaging agents, ischemia and hypoxia (29) (30) (31) (32) . It was shown that ATF3 overexpression promoted invasiveness of prostate tumor cells in vitro and significantly enhanced spontaneous lung metastasis without affecting primary Table III . Canonical pathway of BPH genes. 
-----------------------------------------------------------------------------------------------------Canonical pathway -log (P-value) Molecules -----------------------------------------------------------------------------------------------------
tumorigenicity in a severe combined immunodeficient mouse model (33) .
NR4A2 encodes a member of the steroid-thyroid hormoneretinoid receptor superfamily, and the encoded protein may act as a transcription factor (34) . Mutations in this gene have been associated with disorders related to dopaminergic dysfunction, including Parkinson disease, schizophrenia, and manic depression. No relationship to BPH or PC was reported.
The top five genes up-regulated in PC. The protein encoded by TSPAN1 is a member of the transmembrane 4 superfamily, also known as the tetraspanin family. Most of these members are cell-surface proteins that are characterized by the presence of four hydrophobic domains. The proteins mediate signal transduction events that play a role in the regulation of cell development, activation, growth and motility. There are reports that TSPAN1 was frequently expressed in HCC and the peritumor tissue (35) , and strongly expressed in cervical intraepithelial neoplasm and cervical cancer tissue (36) .
BMPR1B encodes a member of the bone morphogenetic protein (BMP) receptor family of transmembrane serine/ threonine kinases. The ligands of this receptor are BMPs, Table IV . Canonical pathway of PC genes. 
which are members of the TGF-ß superfamily. BMPs have been shown to be important during development and in the regulation of various cellular processes such as migration, proliferation, and differentiation of many different cell types, including neuroepithelial and endothelial cells (37, 38) . Several lines of evidence have suggested that BMP signals play important roles in the generation and progression of prostate cancers. It is considered that human prostate cancer cells frequently exhibit loss of expression of BMPRs and suggest that loss of BMPRs may play an important role during the progression of prostate cancer (39, 40) , but details were not given.
FOXA1 encodes a member of the forkhead class of DNAbinding proteins. These hepatocyte nuclear factors are transcriptional activators for liver-specific transcripts such as albumin and transthyretin, and they also interact with chromatin. It has been shown to be expressed in the epithelia of the prostate gland, and has been determined to regulate the transcription of prostate-specific genes (41, 42) . Moreover, it plays a pivotal role in controlling prostate morphogenesis and cell differentiation (43) . FOXA1 interacts with the androgen receptor to regulate prostate and epididymal genes differentially, and possibly is a co-repressor of the androgen receptor (44, 45) . The role of FOXA1 proteins in prostate cancer development and progression is unknown.
STEAP1 is predominantly expressed in prostate tissue and is found to be up-regulated in multiple cancer cell lines. The gene product is predicted to be a six-transmembrane protein, and was shown to be a cell surface antigen significantly expressed at cell-cell junctions. Biochemical and secondary structure analyses suggested that this protein could function as a channel, receptor, or transporter protein; however, its function is currently unknown (46) .
RCAN3 is a five-exon gene mapped on chromosome 1 and belongs to the human RCAN gene family. The efforts to determine Calcineurin endogenous inhibitors have led to the identification of several proteins (47) , including the members of the RCAN family. Calcineurin is a key enzyme that links Ca 2+ extracellular signals to transcriptional activation of many target genes, but its detailed function was not revealed.
The top five genes down-regulated in PC.
DPT is an extracellular matrix protein with possible functions in cellmatrix interactions and matrix assembly (48) (49) (50) . The protein is found in various tissues and many of its tyrosine residues are sulphated. DPT is postulated to modify the behavior of TGF-ß through interaction with decorin (51) . In vitro experiment using the PC-3 cell line, indicated that DPT may be involved in the pathogenesis and growth of prostate cancer (52), but details were not shown.
IL-8 is a CXC chemokine, the overexpression of which is associated with the angiogenesis, tumorigenicity and lymph node metastasis of androgen-independent prostate cancer (AIPC) in athymic nude mice (53, 54) . Elevated serum levels of IL-8 have been reported in patients with localized disease and AIPC (55, 56) . IL-8 may have a potential role in promoting the progression of the disease to the androgen-independent state. However, our data showed that IL-8 was downregulated in PC. In canonical pathway analysis, however, this molecule was important, so we think that this gene plays an important role.
SCGB3A1 encoding a small, secreted protein is silenced due to methylation in a substantial fraction of breast, prostate, lung, and pancreatic carcinomas, suggesting a potential tumor suppressor function (57, 58) . It is reported that SCGB3A1 expression is down-regulated in the majority of breast, lung, prostate, pancreatic, and nasopharyngeal cancers, this down-regulation is associated with hypermethylation of the SCGB3A1 promoter (59) (60) (61) (62) . Silencing of SCGB3A1 expression by methylation is considered an early and frequent event in a number of cancers, and along with the in vitro data on growth inhibition, suggests that SCGB3A1 is a candidate tumor suppressor gene.
LYZ encodes the human lysozyme, whose natural substrate is the bacterial cell wall peptidoglycan. Lysozyme is one of the anti-microbial agents found in human milk, and is also present in spleen, lung, kidney, white blood cells, plasma, saliva, and tears.
The S100P protein was originally isolated from placenta and is one of the largest sub-families of the 20 human EFhand calcium binding proteins (63) . S100 gene family members have several functions including regulation of cytoskeletal interactions, protein phosphorylation, transcriptional control and Ca 2+ homeostasis. Members of this gene family have been implicated in various disease processes and are considered as possible targets for development of clinical diagnostics and therapy. Studies on prostate cancer have indicated that S100P expression is regulated by androgens (64) . A large number of evidence exists concerning the structure and expression of S100P but little is known about its function in general, or in prostate cancer.
The results obtained in network analyses in BPH and PC were completely different. In PC networks, functions of 'cancer' and 'cellular growth and proliferation' were mainly occupied as expected, and existed in BPH also. But in BPH, function of 'connective tissue disorders' was found in BPH Table V . Top five genes of up-regulated or down-regulated in BPH only or PC only. 1  TMSL8  TSPAN1  2  CYP3A5  BMPR1B  3  SMAD2  FOXA1  4  SLC2A5  STEAP1  5 MAML3 RCAN3  --------------------------------------------- NR4A2 S100P -------------------------------------------------networks, and was not found in PC. This result reflects histological features of not only muscle or gland tissue cells, but also connective tissue cell growth was recognizable in BPH tissues. Function of 'reproductive system disease', 'reproductive system development and function' and 'drug metabolism' were found in PC, not in BPH. This difference may provide some clues to unravel causes for BPH and PC.
-------------------------------------------------BPH only PC only -------------------------------------------------
Our data comparison between BPH and PC provide new gene expression profiles and candidate genes for better understanding of diseases and new therapeutic targets. It should be kept in mind that there are certain limits to in silico analysis. We considered that several combined genomic studies such as real-time RT-PCR analysis and immunostaining using multitude of patient samples and so on, are necessary for determining whether these genes play important roles in diseases.
